Introduction
The tailings produced by mining activities need a large area, referred to as the tailings pool, for stacking. With the disposal of the tailings, the original ecosystem of the tailings pool is seriously affected (Chen et al., 2016) . Many toxic elements accumulate in the tailings pool, and there is no vegetation cover on the surface, which can lead to severe pollution and cause a huge impact on the ecology and environment of the region (Wang et al., 2014) . This could easily result in major problems for the ecological security (Sharma and Al-Busaidi, 2001; Chen et al., 2016) . Therefore, for ecological restoration and reclamation of land of the tailings pool, the pollution should be controlled. The restoration of the vegetation of tailing sands, using improved technology, is the only way for ecological restoration of the tailings pool (Wang et al., 2004; Wang et al., 2012; Chen et al., 2016; Zhao et al., 2016) .
Soil fauna can maintain the normal structure and function of the terrestrial ecosystem as an important member in the decomposition of the tailings. The community characteristics of the soil fauna reflect the degradation and recovery process of the ecosystem (Noble et al., 1996; Yin, 2001; Zhu et al., 2012) . The soil fauna also plays an important role in regulating the structure, function, and succession of the ground surface vegetation community (Wang et al., 2008) , especially in the reconstruction of ecosystem function after vegetation restoration, such as in improving the aeration and structure of soil and in accelerating the nutrient cycling (Ge et al., 2001; Ma et al., 2006; Wong et al., 2008; Carrillo et al., 2011) for promoting the success rate and sustainability of ecological recovery (Frouz et al., 2007; Cristescu et al., 2012) .
The Dexing Copper Mine is one of the largest copper mines in Asia (Chen et al., 2005) . There are three tailings pools, namely tailings pool 1 (210 hm 2 ), tailings pool 2 (240 hm 2 ), and tailings pool 4 (1109 hm 2 ). Tailings pool 1 has been reclaimed through phytostabilization from the 1990s and successfully revegetated for nearly 20 years (Xie et al., 2013) . Studies on soil fauna have been conducted in forest, grassland, and agricultural ecosystems (Decaëns et al., 2011; Lu et al., 2013; Ge et al., 2016; Korboulewsky et al., 2016) . However, little attention has been paid to the structure of the soil fauna community in the ecosystem of tailings pools after revegetation. In this context, the present study was conducted with the following objectives: (1) to analyze the composition of the soil fauna community in the tailings pools after revegetation with different plants, and (2) to analyze the effect of revegetation on the biodiversity distribution pattern and functional composition of the soil fauna in tailings pools.
Materials and methods

Study area
Soil samples were taken from the Dexing Copper Mine, which covers an area of about 100 km 2 and is located in the city of Dexing, in the northeast of Jiangxi Province, China (28°41′N to 29°43′N, 117°44′E to 117°02′E) ( Figure  1 ). This area is characterized by a subtropical monsoon climate with average annual temperature and precipitation of about 17.1 °C and 1882 mm, respectively. The average monthly rainfall is 200-300 mm between April to June, the average annual sunshine time is 1937 h, and the frost-free period is 250 days.
There are three tailings pools, tailings pool 1, tailings pool 2, and tailings pool 4. Tailings pool 1 has been out of service since 1987, and the dam slope and top surface was revegetated in 2000. Tailings pool 2 is still running; the dam slope was revegetated with no revegetation on the top surface of the dam. Tailings pool 4 is still running and has no revegetation. The descriptions of sites are given in Table 1 .
Sample collection
We selected four typical samples from tailings pools 1 and 2. Sample I was obtained from the dam surface of tailings pool 1, which was planted with dwarf Napier grass without guest soil. Sample II was obtained from the dam surface of tailings pool 1, which was planted with dwarf Napier grass covered with guest soil. Sample III was obtained from the dam surface of tailings pool 1, which was planted with peach trees covered with guest soil. Sample IV was obtained from the top surface of the dam of tailings pool 2, which was not planted.
The samples were taken in July 2015. A plot of 20 m × 20 m was placed for each sample; three soil blocks of 20 cm × 20 cm, with 20 cm depth, were collected and sorted. The sampling blocks were randomly distributed in the plot and were located more than 5 m apart from each other. Twelve blocks were removed from the ground. The soil fauna was extracted by modified Tullgren and Baermann methods (Tie et al., 2015; Wei et al., 2015) . The soil fauna was kept in small glass bottles with 70% ethanol and initially sorted and identified to the family level under a microscope according to Yuan (1996) and Yin (1998) . However, members of Araneae and Nematoda were identified only up to the order level. The soil fauna was classified into different functional groups on the basis of diet (Ge et al., 2016) . In this research, four functional groups were considered: saprophagous, phytophagous, predaceous, and omnivorous groups (Swift et al., 1998; Lefebvre and Gaudry, 2009 ).
Analysis
Margalef 's richness index D (Margalef, 1957 ), Pielou's evenness index Js (Pielou, 1966) , and Shannon-Wiener diversity index H′ (Shannon and Weaver, 1949) were used to determine the biodiversity of the soil fauna communities. These diversity indices are usually used in the analysis of the soil fauna communities (Ge et al., 2016) .
Here, Pi = proportion of the number of individuals of species i to the total number of individuals of all species (i = 1, 2,…, S), and S = total number of the observed species in the sample area.
For the measurements of the soil fauna community richness, abundance, and Js, D, and H′, an analysis of variance was conducted to test for effects of different sampling sites. The analyses were performed with SPSS 19.0 (IBM Corp., Armonk, NY, USA) (one-way ANOVA), and a least significant difference (LSD) test was used for multiple post hoc comparisons. The composition of the soil fauna community was summarized using principal component analysis (PCA) on the common groups and dominant groups in each sample. PCA was conducted using CANOCO software (CANOCO for Windows 4.5). Before the analysis, the data were natural-log transformed wherever necessary to improve the normality and homogeneity of the variance. Significant differences were set as P < 0.05.
Results
Composition of soil fauna
A total of 548 individuals belonging to 22 groups, which were sorted into 19 families, 3 suborders, 7 orders, and 5 classes, were included in our research (Table 2 ). Oribatida and Prostigmata were the dominant groups (≥10.00%); Mesostigmata, Formicidae, Onychiuridae, Nitidulidae (larvae), and Chironomidae (larvae) were the frequent groups (≥1.00%, <10.00%). The dominant and frequent groups constituted 94.35% of the total abundance, which plays an important role in improving the structure and function of the soil. Nematoda, Neanuridae, Tomoceridae, Entomobryidae, Staphylinidae, Ptilodactylidae (larvae), Nitidulidae, Silphidae, Hebridae, Pselaphidae (larvae), Scolytidae (larvae), Clusiidae (larvae), and Scatopsidae (larvae) were the rare groups (<1.00%). The rare groups constituted 4.61% of the total abundance and were the sensitive indicators for environmental changes in the soil Socarrás, 2013) . In this study, seven functional groups were identified: phytophagous, necrophagous, coprophilous, fungivorous, predaceous, saprophagous, and omnivorous. The saprophagous group constituted 89.41% of the total functional groups and included Mesostigmata, Oribatida, Prostigmata, Staphylinidae, Nitidulidae, and Clusiidae. The omnivorous group constituted 7.66% of the total functional groups and included Nematoda, Formicidae, Neanuridae, Onychiuridae, Tomoceridae, Entomobryidae, and Chironomidae (larvae). The phytophagous, necrophagous, predaceous, fungivorous, and coprophilous groups constituted 1.45%, 0.36%, 0.36%, and 0.36% of the total functional groups, respectively.
Biodiversity of soil fauna
Significant differences were detected in the richness (F = 27.686, P < 0.001) and abundance (F = 23.402, P < 0.001) of the soil fauna across the different samples. The richness and abundance of the soil fauna are shown in Figure 2 . By comparison to sample IV (no revegetation), the richness and abundance of the soil fauna were found to be higher with the samples from tailings site 1, which was planted with dwarf Napier grass or peach plants. The abundance of soil fauna in the samples was ranked in the following order: sample III (422) > sample II (103) > sample I (17) > sample IV (6). The taxonomic richness of the soil fauna in the samples was ranked in the following order: sample 
III (15) > sample II (8) > sample I (5) > sample IV (3).
The richness and abundance of soil fauna were highest in sample III. The changes in the number of dominant groups were similar to the changes in the richness and abundance of the soil fauna (Table 2 ). There were two dominant groups in sample I, sample II, and sample III, but only one dominant group was present in sample IV. Prostigmata, the dominant group, had a function significantly indicative of the eco-remediation of the soil polluted with heavy metal. Prostigmata was found with different abundances in the samples (I, II, and III) that were treated with vegetation remediation, but was not found in the sample (IV) that was not treated with vegetation remediation. The 16 rare groups occurred only singly in one sample each, which showed that the rare groups were related to the types and degree of heavy metal pollution in the soil after vegetation restoration.
Significant differences were detected in the functional groups (F = 7.33, P < 0.05) of the soil fauna across the different samples (Figure 3) . The samples in the functional group of soil fauna was ranked in the following order: sample III (4) = sample II (4) > sample I (3) > sample IV (2).
The Shannon-Wiener diversity index (H'), Pielou index (Js), and Margalef index (D) are the commonly used indices to measure the difference in the structure of soil fauna communities. The comparison of different communities could reflect the differences in the impact of pollutants on the community structure of the soil fauna (Sun et al., 2007) In the PCA of the composition of the soil fauna community defined by the common groups, the first two axes explained 70.46% and 12.19% of the total variation in the communities of the soil fauna, respectively ( Figure  5 ). Significant difference was detected in the communities of the soil fauna after revegetation, and the structures of soil fauna communities were similar in samples I and IV. The scores of the samples on the first axis (P < 0.001) were significantly different, which was mainly between the samples covered with guest soil and the samples without guest soil. Moreover, the difference in the composition of the communities in the soil fauna could be better distinguished by the first PCA axis (P < 0.001) than by the second PCA axis (P < 0.05).
4. Discussion 4.1. The structure of the soil fauna community in different revegetation treatments In this study, Oribatida and Prostigmata, with the high number of individuals (>10.0%), were found to be the dominant groups in the mine tailings pool after revegetation; other groups with fewer numbers of individuals were the rare groups (<1%). It was reported that the communities of soil fauna could be influenced by soil properties, such as the content of soil water and organic carbon, pH, and vegetation coverage, and had an obviously unbalanced distribution .
In pure tailing sand, the ability to maintain soil moisture and fertility is poor; the contents of nitrogen, phosphorus, potassium, and organic matter are extremely low; and the contents of heavy metals (such as copper) are too high; therefore, its habitat is very bad for the growth of plants (Ge et al., 2001; Monterroso et al., 2014) . However, after revegetation restoration, tailing sand could be quickly covered by plants that could reduce the evaporation of soil water and could regulate the soil temperature and moisture (Berndtsson et al., 1996; Mukhopadhyay et al., 2016; Zhao et al., 2016) . The soil quality could then be gradually modified (Zhang et al., 2014) and could promote the better growth of plants (Li et al., 2016) , while the activities of soil microbes and soil fauna are also enhanced (Cristescu et al., 2012; Escobar et al., 2015; Nelson et al., 2015; Xie et al., 2015) , which directly results in changes in the structure of the soil fauna (Topp et al., 2001; Yang and Gao, 2001; Cristescu et al., 2012) . In the present study, significant differences were observed in the community structure of the soil fauna among the four revegetation patterns in the Dexing Copper Mine tailings pools, which indicated that communities of the soil fauna could be influenced significantly by the ecological restoration by revegetation (Cristescu et al., 2012) . In comparison to the soil with no revegetation (sample IV), the individuals and groups in the soil fauna were increased significantly in the soil in which revegetation was performed in the mine tailings pools, especially in sample III, where peach trees were covered with guest soil. It was shown that the planting of trees covered with guest soil was a better revegetation model (Chen et al., 2005; Cristescu et al., 2012; Asensio et al., 2013) .
Soil fauna is sensitive to changes in the soil environment; therefore, increased attention is being paid to the application of soil fauna communities for the monitoring of the soil environment (Shao et al., 2008; Yin et al., 2010) . In this study, after restoration of the ecological environment and its reconstruction, the structure of the soil fauna community was continuously optimized and the biomass of the soil fauna was increased significantly, especially by individuals of the dominant species of Oribatida and Prostigmata, which could be the important indicator species in the restoration and reconstruction of the ecological environment in the Dexing Copper Mine tailings (Socarrás, 2013) . 
Diversity of soil fauna in different revegetation treatments
The relationship between the aboveground vegetation and soil fauna has been studied (Kreuzer et al., 2004; Wang and Ruan, 2008) , and some disputes still exist regarding the food chain control of biodiversity (Birkhofer et al., 2008) . In this study, there were more (6) functional groups in the mine tailings pool after revegetation than in the sample with no revegetation (2). The same functional groups were saprophagous and omnivorous between the mine tailings pools after revegetation and after no revegetation. Additionally, the functional groups were different in the mine tailings pools with different plants. It was deduced that revegetation would be beneficial for the diversity of the soil fauna community in the Dexing Copper Mine tailings. However, it could not reflect the increase and decline in the functional groups of the soil fauna, and there was no simple correspondence between the vegetation status and diversity in the functional groups of the soil fauna; therefore, we do not know the relationship between the different functional groups of the soil fauna and the control mechanism of the food chain, which would require further studies.
Some species could not be identified using the limited classification of the soil fauna. The soil fauna community rating was clear, and the indices of Shannon-Wiener diversity, Margalef 's richness, and Pielou's evenness were used to verify the diversity in the soil fauna community in the Dexing Copper Mine tailings . The results showed that H′ and D were higher in the mine tailings after revegetation than in the mine tailings without revegetation, and Js was lower in the mine tailings after revegetation than in the mine tailings without revegetation. In the present study, the composition and structure of the soil fauna community were closely related to the vegetation status (Xu et al., 2005) . We observed that the diversity and richness were increased and the evenness was decreased after revegetation, and the diversity of the soil fauna community was different in different vegetations. The results of the present study should help in devising strategies for the restoration of the ecosystem of the tailings pools. Figure 5 . Results of the principal components analysis (PCA) of the soil fauna data. The values are means (n = 3) with bidirectional error bars of axis 1 and 2. For all the PCA plots, the values on the x-and y-axes represent the percent variation explained by axis 1 and axis 2, respectively. I, II, III, and IV refer to the sample I, sample II, sample III, and sample IV, respectively.
